Background: Commonly used organophosphate and organochlorine pesticides inhibit acetylcholines-
was in use from the 1940s until its ban in 1972. The peak year for DDT use was 1959, when 80 million pounds were applied across the United States. 7 There have only been a few case-control studies and 2 relatively small cohort studies on the association between pesticide exposure and AD. 8 Larger sample sizes and better methods of exposure classification are needed in order to get a clear picture of the potential risk associated with occupational exposure to pesticides. Our objective was to evaluate the effects of occupational pesticide exposure on AD risk in a well-characterized cohort of elderly individuals who reside in the agricultural community of Cache County, UT.
METHODS Cache County is known as one of Utah's primary agricultural regions. Cache leads the state in barley production; other products include winter wheat, spring wheat, dry beans, corn for silage, apples, and alfalfa hay. 9 Roughly 12% of the population under study reported farming as a primary occupation.
Standard protocol approvals, registrations, and patient consents. Procedures and protocols of the Cache County
Memory Study, a prospective cohort study, were approved by the Institutional Review Boards of Utah State University, Duke University, and The Johns Hopkins University. Informed consent was obtained from all study participants at each stage of the study. Spouses or next of kin gave consent when participants were unable to provide it.
Ascertainment of dementia status. The Cache County
Memory Study methods have been described in detail previously. 10, 11 At the start of the study, all residents of the county aged 65 and older in 1995 were invited to participate. 10 Baseline cognitive screening and risk factor questionnaires were completed by a total of 5,092 participants (90% of the population aged 65 or older). A version of the Modified Mini-Mental State Examination (3MS) 12 adapted for epidemiologic studies 13 in combination with the Dementia Questionnaire (DQ) 14 were used as a 2-stage screening tool at the baseline evaluation and 3 years later at the first follow-up. At baseline, individuals falling below a predefined cutpoint in screening and all participants aged 90ϩ (at baseline) or aged 85ϩ (at subsequent evaluations) were assessed with a full clinical evaluation for dementia and for milder cognitive syndromes. Final diagnoses were assigned at consensus conferences using standard criteria. DSM-III-R 15 and the National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association criteria 16 were used for AD diagnoses and the National Institute of Neurological Disorders and Stroke and the Association Internationale pour la Recherche et l'Enseignement en Neurosciences criteria, 17 as operationalized by Tatemichi et al., 18 was used to diagnose vascular dementia. Dementia onset age was defined as the year in which a participant unambiguously met DSM-III-R criteria for dementia.
Exposure assessment. At baseline, participants completed detailed occupational questionnaires, providing information about their work histories and associated exposures to various substances. This structured, detailed questionnaire was administered in person and was used to classify occupations and assess occupational exposures including cues for exposures to specific agents. Initial questions determined if participants held a job to support their family and the kind of work they performed for the majority of their lives. If a person had multiple jobs, they were asked if they worked at each type of job for 5 years or more. If the 5-year threshold was met, the participant was asked about industry, employer, and primary duties. A second series of detailed questions were asked about exposures on the job. If pesticide use was endorsed, further probe questions were used to determine the type of pesticide, the frequency of use, and the duration of use in years. There were no questions about the use of safety equipment or the intensity of exposure. Questions addressed pesticides in general and 4 specific types of pesticides including organophosphates, carbamates, organochlorines (DDT), and methyl bromides. Responses to the occupational questionnaire were coded by an occupational health nurse according to the Dictionary of Occupational Titles. 19 Participants were classified as exposed if they endorsed any pesticide exposure.
Analytic approach. Demographic characteristics of the exposed and unexposed members of the sample were compared using 2 tests for categorical variables and t tests were used for continuous variables. Cox proportional hazard analysis was used to assess the relationship between prior pesticide exposure and the risk of incident dementia and AD. Unexposed participants were used as the reference group; age on study was used as the time axis. Participants were censored at dementia onset or last observation if dementia was not diagnosed. Additional models were constructed to address the risk associated with organophosphates and organochlorines specifically. Models were adjusted for factors known to independently influence the risk of dementia and AD including age at baseline (centered at age 65), sex, education in years, and APOE ⑀4 status. We also included a term for baseline 3MS scores to control for baseline cognitive status. In addition, we tested whether the estimated hazard of the association between pesticide exposure and dementia was proportional over the analytic time scale by including an interaction term between the variable for pesticide exposure and age on study. Analyses were performed using SAS statistical software.
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RESULTS At baseline, a total of 5,092 participants were screened for dementia and completed detailed risk factor questionnaires. Each participant was classified by pesticide exposure. We excluded from the current analysis 359 individuals with prevalent dementia. A total of 586 individuals died prior to the first follow-up evaluation, 133 moved out of the area, and 496 refused to participate, leaving a potential sample of 3,518 individuals (figure). Another 434 individuals were excluded from the analysis due to missing data (exposure ϭ 332, genotype ϭ 16, education ϭ 1, and diagnosis ϭ 85). The final analytic sample comprised a total of 3,084 individuals without dementia at baseline who provided selfreport information about pesticide exposures; 572 reported some pesticide exposure. Over 40% of those exposed reported farming as the primary occupation for most of their working lives. Follow-up evaluations were conducted 3, 7, and 10 years after the initial evaluation;
cognitive status was reevaluated at each time point. The average duration of follow-up was 7.2 (3.5) years. Compared to those included in the study sample, those who were excluded tended to be older (p Ͻ 0.0001), were more likely to be female (p Ͻ 0.0001), and had fewer years of education (p Ͻ 0.0001). There were no differences between groups in APOE status (1 or more APOE ⑀4 alleles vs no ⑀4 alleles) (p ϭ 0.49) or pesticide exposure status (p ϭ 0.86) among those providing such information (data not shown). Among those retained in the analytic sample, more men reported exposures than women ( p Ͻ 0.0001); there were no differences in baseline age between the exposed and unexposed groups (overall mean age 74.4, SD 6.4) (table 1). Those who reported exposure had more education ( p Ͻ 0.01). This difference is due to the fact that men had higher mean education levels than women (14.1 vs 13.0 years, p Ͻ 0.0001) and there were few women in the exposed group. There was a small but significant difference between groups' baseline 3MS scores. Of 572 individuals reporting pesticide exposure, 316 were exposed to organophosphates, 256 were exposed to organochlorines, 25 were exposed to carbamates, and 28 reported exposure to methyl bromides. A number of individuals reported more than one type of exposure (n ϭ 186) and 164 individuals' exposures were not classified because participants' responses either indicated an agent that was not among the 4 major classes or their responses were nonspecific. A total of 500 individuals were identified with incident dementia; 344 had a primary or secondary diagnosis of AD. A total of 108 individuals who reported exposure to pesticides were later diagnosed with dementia. Initial univariable Cox proportional hazard models for incident dementia are presented in table 2. Additional models were created adjusting for baseline age (centered at age 65), education, and APOE ⑀4 status because these factors are all known to significantly influence the risk of dementia and AD. We included a gender term because prior work in our study has shown a difference in risk for AD between men and women 11 ; in the current sample, most of the exposed individuals are men. A term for baseline 3MS score was used to control for global cognitive status at baseline; age on study was used as the time axis. Results showed there was an increased risk of dementia in those exposed to any pesticide (hazard ratio [HR] 1.38, 95% confidence interval [CI] 1.09 -1.76). When the outcome was restricted to AD only (including cases with AD as the primary or secondary diagnoses) the risk was similar (HR 1.42, 95% CI 1.06 -1.91) (table 3). A test of the proportionality assumption indicated that the hazards associated with each group were proportional ( p ϭ 0.17).
Separate models were created to test the association between risk of incident dementia or AD and specific pesticides. In these models, we set aside individuals who reported exposure to pesticides other than the group under study in order to clearly distinguish between the exposed and unexposed groups. A total of 256 individuals reporting exposures other than organophosphates were set aside in the analysis of organophosphates and 316 individuals were set aside in the analysis of organochlorines. The risk of dementia associated with exposure to organophosphates after adjustment for baseline age, sex, education, baseline 3MS score, and APOE ⑀4 status was increased among the exposed (HR 1.31, 95% CI 0.96 -1.78) although marginally nonsignificant ( p ϭ 0.09). The risk of AD was 53% higher (HR 1.53, 95% CI 1.05-2.23). In the evaluation of organochlorines, we found similarly marginal increased risks for dementia after adjustment for baseline age, sex, education, baseline 3MS score, and APOE ⑀4 status (HR 1.33, 95% CI 0.96 -1.85) and for AD (HR 1.49, 95% CI 0.99 -2.24). Because 177 participants reported exposures to both organophosphates and organochlorines, we performed an additional analysis to determine if the risk for dementia and AD was increased in this group, but none of our findings were significant (data not shown).
DISCUSSION Thus far, there have been few reports on the association between pesticides and AD.
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Findings have been equivocal and the samples under study have been relatively small. Methods of exposure determination in these studies vary, ranging from proxy reports [22] [23] [24] to self-administered mail-in questionnaires 25 to structured in-person interviews. 2, 24 Determination of the level of occupational pesticide exposure is particularly difficult because it depends on the duration of use, the method of application, and whether safety equipment was used, or used properly. 5 An individual who lives proximal to treated fields may also be exposed. Exposure classifi- Table 2 Cox proportional hazards ratios for dementia incidence by pesticide exposure cation can therefore be a problem in studies of the effects of pesticides on the risk of dementia. Casecontrol studies in dementia research, which necessarily rely on informant reports, are likely to produce somewhat conservative estimates as proxy informants have been shown to underreport pesticide exposures. 26, 27 Evaluations of data from cohort studies have also shown that informant reports tend to underestimate exposures while reports from farmers themselves tend to be reliable. 27, 28 Using self-reported exposure data, we showed that occupational pesticide exposure (including all forms endorsed) was associated with an increased risk of dementia. When the outcome was restricted to AD, the association remained. Two classes of pesticides, organophosphates and organochlorines, were associated with an increased risk of dementia and more specifically AD, although the associations were only marginal. We found a stronger risk for dementia with "any pesticide" exposure than for specific types likely because the "any pesticide" group included a number of exposures that could not be accurately classified. As a result, there were more individuals in the exposed group as well as a greater number of outcome events under study in the all-cause dementia group. In the analysis of specific classes of pesticides, we set aside individuals who claimed pesticide exposures other than the exposure of interest in order to reduce noise in the analysis. As a result, we found stronger risks for AD among those exposed to organophosphates and organochlorines than for allcause dementia. We should note that 177 individuals reported exposure to both and were included in both analyses. A post hoc evaluation showed that there was no additional increased risk in individuals exposed to both pesticides. The fact that the associations we found were slightly stronger when the outcome was restricted to AD suggests that effects of pesticide exposure may be specific to AD and not other forms of dementia.
Our findings are generally consistent with another study that found an elevated risk of AD associated with occupational pesticide exposure. 2 Others have found elevated risks but probably lacked the power to find significant associations. 21, 24, 25 In a carefully conducted study from the PAQUID cohort, 2 pesticide exposures were evaluated in great detail. Inperson questionnaires were used in combination with job coding classifications; a panel of experts assessed the likelihood of exposure associated with each job classification and a job exposure matrix was produced. Cumulative exposures were estimated by taking the product of the duration of exposure and the levels of exposure per the exposure matrix. Place of residence in proximity to vineyards was also taken into consideration. A significant association between pesticide exposure and later onset of AD in men was found (adjusted relative risk 2.36, 95% CI 1.02-5.63). These findings highlight the importance of exposure ascertainment as exposure to pesticides can be particularly difficult to determine. 5 In the current study, our exposure ascertainment is derived from in-person structured interviews with cues for types of pesticides. Results of investigations into the reliability of data collection methods used in the Agricultural Health Study 27 suggest that our methods may be more accurate than those applied in studies that use mail back questionnaires 25 and reports from proxy informants which were necessarily used in case-control studies. [22] [23] [24] The Agricultural Health Study analysis showed that structured questionnaires with cues yield better information than open-ended questioning. 27 Farmers' self-reported pesticide use has shown good reliability 27,29 regardless of the age or education level of participants. 29 It is possible that farmers' recollection of pesticide use is strengthened because of the certification processes required for pesticide applicators. At the same time, the reliability of these reports decreases when more specific details are requested. 29 There are several strengths and limitations of note in this study. First, this is one of the largest samples used to investigate this question to date, and the follow-up period is relatively long (mean 7.2 years). We have used well-established methods for identification and classification of dementia status. The sample is relatively stable, with low in and out migration, and high response rates (90% participation at baseline) dramatically reducing nonresponder bias. 30 They are also relatively homogenous with regard to education levels and access to health care. Over 90% of the sample are members of the Church of Jesus Christ of Latter-Day Saints, a factor which influences the amount of alcohol and tobacco use in the population. For these reasons, the sample may tend to be healthier, with lower rates of chronic disease. While it is unlikely that these factors influence the effects of pesticide exposures, it is possible that our findings may not be generalizable to other populations. Some nonspecific pesticide exposures were recorded and some individuals reported multiple exposures (177 were exposed to both organophosphates and organochlorines). While we recorded exposures to other pesticides (carbamates and methyl bromides), not enough were reported to analyze them separately. In general, although many forms of pesticides are available, most farmers choose from about 5. 27 The "any pesticide" category additionally captured exposures that either did not fit into one of the 4 major classifications that we targeted or the subject's report of the particular agent was nonspecific such that it could not be classified. In order to reduce measurement error in our analyses of organophosphates and organochlorines, we set aside individuals who reported exposure to other pesticides or exposures that were not classified. It is possible that some reports among the unclassified exposures were not related to occupational exposure and could be considered measurement error.
Although participants were queried about the duration and extent of exposures, these questions were completed with less frequency. We choose to classify participants as ever/never users in order to retain the largest possible sample for analysis. This decision is bolstered by prior reports which indicate that ever/ never use of pesticides is reported more reliably than responses to more detailed questions. 29, 31 Regardless of our efforts, there is always the possibility of misclassification. In the current study, it is likely that the misclassification is nondifferential with regard to disease status. Given that exposures are classified dichotomously and the outcome is determined exhaustively, it is likely that the resulting effect sizes are conservative. 29, 32, 33 These findings add to a small but growing literature suggesting that exposure to pesticides may have adverse long-term effects on the nervous system, thereby increasing the risk of AD in late life. Future epidemiologic work should focus on specific types of pesticides and the intensity of exposure to fully characterize the potential association with AD. Toxicologic studies may help elucidate the biologic mechanism for the association.
